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SPECIFICATION 

TITLE OF THE INVENTION 

■. ! . INK- JET RECORDING HEAD 

t ;" 

BACKGROUND OF THE INVENTION" '} 
1. Field of the Invention 

The present invention relates to an ink-jet recording 
head for use in an ink- jet printer for recording and imaging 
characters, graphics, images or the like on a recording 
medium. 

j * * '* . ■ 

) 2 '..Related art of The Invention 

In recent years , personal'computers have beenpervasive 
Iri the multimedia information society, and accordingly, 
demands for printers have greatly grown . Particularly , the 
market of an ink-jet printer is being expanded since the 
ir.k-j et printer can provide a color printout of high quality 
tit a reduced cost. . 

The ink- jet printer includes various systems : a system 
' 'ir. which mechanical vibration is converted into a pressure 

i' ' 

i . 

; wave of ink by the use of a piezoelectric element so ap 
to, eject ink droplets; a system in which ink is abruptly 
heated to generate bubbles, a pressure wave of which ejects 
iir: droplets; and a system in which electrostatic force 
at tracts ink so as to allow the ink to spatter . Among these 

/•systems, the system using the piezoelectric element has 

Jcn ne to widespread attention while a method for fabricating 

' ,the piezoelectric element has progressed. 
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There has been proposed an ink- j et recording head having 
the configuration shown in FIG . 17 (for example, see Japanese 
Patent Laid-open No. Hei 2-3311) . Here r the directions of 
'a. length, a width and a thickness are defined as shown in 
'FIG. 17, 

In the ink-jet recording head. 101, pressure chambers 
106 and cavities 108 are alternately arranged in a 
piezoelectric ceramics material 102 with a pair of driving 
electrodes 103 interposed therebetween. Ink supplied from 
an ink supplying portion 104 to the pressure chamber 106 
through an ink introducing portion 105 is ejected from a 
'nozzle hole 107 ♦ 

In the ink- jet recording head having the 
above-described configuration, a voltage is applied to the 
driving electrode 103 interposed between the pressure 
u chamber 106 and the cavity 108/ thereby deforming the 

m piezoelectric ceramics material • Ejection energy 

Jl generated in this way can be propagated only to the pressure 

chamber adjacent to the deformed piezoelectric ceramics 
'material , so that ink droplets can be simultaneously e j ected 
from the adjacent nozzle. 

Consequently, it is possible to independently control 
ejection of the ink from the nozzles , and further, to provide 
the ink- j et recording head in which the nozzles are arranged 
at a narrow pitch. 

; ;■ However, in the conventional ink- jet recording head 
'as shown in FIG. 17, it is necessary to efficiently deform 
the piezoelectric ceramics material at the portion including 
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the driving electrode in order to eject the ink and to thin 
th<2 piezoelectric ceramics material between the pressure 
chamber 106 and the cavity 108 very much. 
: 1|, Therefore, there has arisen a problem that the 

piezoelectric ceramics material is weak frpmthe structural 

■ < 

viewpoint, thereby reducing the strength of the ink-jet 
recording head. This problem/induces the difficulty of 
handling at the time of fabrication, with an attendant 
problem of reduced yield . 

Moreover, in the structure of the conventional ink- jet 

recording head as shown in FIG. 17, it is necessary to deform 

- 1 .'.''■■.„.-. 

two partition walls serving as driving portions (the 
piezoelectric ceramics portions including the driving 
electrodes) in order to eject the ink from one nozzle . Since 
at least two electrodes need be disposed at one partition 
w&L-li serving as the driving portion, four electrodes in 
total are needed for one pressure chamber , i . e . , for one 
nozzle. Expensive metal such as silver, palladium or 
platinum is used as the material of the electrode, thereby 
raising the problem of an increase in cost of the ink-jet 
recording head. Moreover, the increased number of 
electrodes induces problems that the number of connections 
to outside driving circuits is increased or that a narrow 
pitch makes connection to an outside circuit difficult. 

' Furthermore, with the above-described structure , the 
pressure chamber to be filled with the ink is constituted 
of mainly the thin piezoelectric ceramics material, 
tfh'erefore, the rigidity of the pressure chamber becomes 
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low. Part of the deformation. energy generated at the I 
piezoelectric ceramics material including the driving 
electrode is used to deform the wall of the pressure chamber , 
thereby raising a problem that efficiency of conversion , 
irito the ink ejecting energy becomes low. 
; ! Furthermore, if the rigidity of the wall defining the 
pressure chamber is low, the resonance frequency of the 
pressure chamber becomes low. Therefore, the ejection 
repeating frequency cannot be'made high, thereby raising 
a problem of slow drawing. 

Additionally , since the dimension of the piezoelectric 
P ceramics material including the driving electrode markedly 

*j affects directly vibration characteristics in the ink- jet 

recording head, a slight error, at the time of fabrication 
Effects ejection characteristics / thereby raising a problem 1 
that ejection uniformity of the plurality of nozzles is 
11 deteriorated so as to degrade the quality of an image. 

% ' ] ' ' : ■ ■ ■ ' . : ' : i 

% SUMMARY OF THE INVENTION ! 

■ li The present invention has been accomplished in an 
attempt to solve the above-described problems experienced 
by the conventional ink- jet recording head. An object of 
the present invention is to provide an ink-jet recording 
head in which the strength is high, fabricating yield is 
high and energy converting efficiency is high. j 
Furthermore, another object of the present invention j 
is to provide an ink-jet recording head having the nozzle j 
arranging structure capable of forming an image of high j 

i 
t 
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quality at high speed in the case where numerous nozzles 

are aligned in two dimensions. x 
i according t* w aspec*- 

, An ink- jet recording head A of the present invention 

{ ce^re s pe nding 1 to claim -3?4» comprises at least one 
piezoelectric block (A) having an ink pressure chamber 
communicating with a nozzle for ejecting ink to be supplied 
'from an ink introducing portion, a partition wall serving 
as a driving portion including a piezoelectric element and 
at-, least two electrodes for driving said piezoelectric 
element, a pressure buffer chamber, and a fixed wall, 

whereinpiezoelectricblock (A) is conf igured such that 
said ink pressure chamber, said partition wall serving as 
the driving portion and said pressure buffer chamber are 
arranged in this order in the same direction, and 

said fixed wall is disposed adj acent to said inkpressure 
chci?nber and/or said pressure buffer chamber in reference 
to i said the same direction, ^/we+fcer . 

An ink- jet recording head of the present 
invention teHfrL-r copending Lu ulalm 3« fr comprises: at least one 
piezoelectric block (B) having an ink pressure chamber 
communicating with nozzles for ejecting ink to be supplied 
from an ink introducing portion, partition walls serving 
as driving portions including piezoelectric elements and 
at least two electrodes for driving said piezoelectric 
elements, a pressure buffer chamber, and fixed walls, 

wherein saidpiezoelectricblock (B) is configured such 
that a first ink pressure chamber, a first partition wall 
serving as a driving portion , said pressure buffer chamber , 
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a second partition wall serving as a driving portion, and 
a second ink pressure chamber, are arranged in the same 
direction, 

' said fixed walls being disposed adjacent to said first 

ink pressure chamber and said second ink pressure chamber 

in reference to said the same direction, , 

Accord^ 4o *4-ill «i/io+Uer u.Sf€cT 

6~ An ink- jet recording head. of the present invention 

0*. feerry ^puudliig Lu claim 4fr comprises: 

at least one piezoelectric block (A) having an ink 
pressure chamber (A> communicating with a nozzle (A) for 
ej eeting ink to be supplied from an ink introducing portion , 
a partition wall (A) serving as a driving portion including 
a piezoelectric element (A) and at least two electrodes 
(A) for driving said piezoelectric element (A) , a pressure 
buffer chamber (A) , and a fixed wall (A) ; and 
i at least one piezoelectricblock (B) having ink pressure 
chambers (B) communicating with nozzles (B) for ejecting 
ink to be supplied from an ink introducing portion , partition 
walls (B) serving as driving portions including 
piezoelectric elements (B) and at least two electrodes (B) 
for driving said piezoelectric elements (B) , a pressure 
buffer chamber (B) , and fixed walls (B) , 
1 ' wherein saidpiezoelectric block (A) is configured such 
t^at said ink pressure chamber (A), said partition wall 
(A) serving as the driving portion and said pressure buffer 
chamber (A) are arranged in this order in the same direction , 
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said fixed. wall (A) is disposed adjacent to said ink 
pressure chamber (A) and/or said pressure buffer chamber 

(A) in reference to said the same direction, 

said piezoelectric block .(B) is configured such that 
a first ink pressure chamber (B) , a first partition wall 

(B) serving as a driving portion, said pressure buffer 
chamber (B) , a second partition wall (B) serving as a driving 
portion, and a second ink pressure chamber (B) are arranged 
in the same direction, and 

. : " said fixed walls (B) is disposed adj acent to said first 
ink pressure chamber (B) and said second ink pressure chamber 
p (B) in reference to said the .same direction. 

As described above , according to the present invention , 
^ it is possible to provide the ink-jet recording head in 

M which the structural strength is high, the durability is 

* excellent, the low-voltage driving can be achieved owing 

|| to. the high energy using efficiency, the high-frequency 

•1:1 ejection can be achieved owing to the high rigidity of the 

H pressure chamber, the printing of high quality can be 

achieved by the uniform ejection, the image can be formed 
at. high resolution, and the cost can be reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view showing an ink-jet recording 
. head fabricated as one preferred embodiment according to 
the present invention. 
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FIGS. 2(a) , 2(b) and 2(c) are cross-sectional views 
showing an ink- jet recording head fabricated as another 
preferred embodiment according to the present invention. 

FIG. 3 is a cross-sectional view showing a method for 
operating the ink- jet recording head of FIG. 1. 

FIG. 4 is a cross-sectional view showing an ink- jet 
recording head fabricated as another preferred embodiment 
according to the present invention. 

FIG. 5 is a cross-sectional view showing an ink-jet 
recording head fabricated as another preferred embodiment 
^according to the present invention. 

FIG. 6 is a cross-sectional view showing an ink- jet 
recording head fabricated as another preferred embodiment 
according to the present invention, 

: FIG. 7 is a cross-sectional view showing essential parts 
of an ink- jet recording head fabricated as another 
preferred embodiment according to the present invention. 

FIG . 8 is a cros s-sectional view showing essential parts 
ib'f an ink- j et recording head fabricated as another preferred 
embodiment according to the present invention. 

FIG. 9 is across-sectional view showing essential parts 
of an ink-jet recording head fabricated as another 
preferred embodiment according to the present invention. 

FIG. 10 is a cross-sectional view showing essential 
parts of an ink- jet recording head fabricated as another 
preferred embodiment according to the present invention. 

• ; 
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FIG. 11 is a cross-sectional view showing essential 
parts of an ink-jet recording head fabricated as another 
preferred embodiment according to the present invention. 

FIG. 12 is a cross-sectional view showing essential 
parts of an ink-jet recording head fabricated as another 
preferred embodiment according to the present invention. 

FIGS . 13 (a) and 13 (b) are cross-sectional views showing 
essential parts of an ink- jet recording head fabricated 
as another preferred embodiment according to the present 
invention. 

FIGS. 14(a) and 14(b) are cross-sectional views showing 
essential parts of an ink-jet recording head fabricated 
as , another preferred embodiment according to the present 
invention . 

FIG. 15 is a perspective view showing essential parts 
of an ink- j et recording head fabricated as another preferred 
embodiment according to the present invention. 

FIGS. 16(a) and 16(b) are views showing a nozzle part 
of an ink- jet recording head fabricated as another preferred 
embodiment according' to the present invention. 

FIG. 17 is a cross-sectional view showing an ink-jet 
recording head in the prior art. 



Description of Symbols 

1 Ink- jet recording head 

2, 12, 22, 32, 42, 52 Piezoelectric block 

3 Ink pressure chamber 

3a First ink pressure chamber 
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3b Second ink pressure chamber 

4 ! Partition wall serving as driving portion 

4a, First partition wall serving as driving portion 

4b Second partition wall serving as driving portion 

5* ' Pressure buffer chamber 

6 Fixed wall 

7, ,7a, 7b, 17a, 17b, 17c, 27a, 27b, 27c, 37a, 37b, 37c, 
47a, 47b, 47c, 47d, 47e, 57a, 57b f 67a, 67b, 77a, 77b, 77c, 
77d Electrode 
6 Nozzle 

9 Nozzle plate 

10 Ink introducing portion 

±4a, 24a, 24b, 34a, 34b, 44a, 44b, 44c, 54a, 54b, 64a, 64b 

Driving portion 
14b, 24c Restricting portion 

101 Ink-jet head 

D 02 Piezoelectric ceramics material 

103 Driving electrode 

104 Ink supplying portion 

105 Ink introducing portion 

106 Pressure chamber 

107 Nozzle hole 
10P Cavity 

DETAILED DESCRIPTION OF THE E REFERRED EMBODIMENTS 

The piezoelectric block configuring the ink- jet 
recording head according to the present invention comprises : 
th€) ink pressure chamber communicating with the nozzle for 
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ejecting the ink supplied; the partition wall serving as 
the driving portion having the piezoelectric element and 
th4 electrodes for driving the piezoelectric element; and 
the pressure buffer chamber which is not full of the ink, 
wherein the ink pressure chamber and the pressure buffer 
chamber are arranged in the same direction with the partition 
wall serving as the driving portion interposed therebetween . 
' (T h e follo w in g drnnirr.ii. pt Io n c n^ ^^np^^^^^ n1nimr J— >rwi ^ a t ) ■ 



The arrangements of an ink pressure chamber, a partition 
wall serving as a driving portion , a pressure buffer chamber 
arid a fixed wall in a piezoelectric block include the mode 
in which a fixed wall , an ink pressure chamber , a partition 
wall serving as a driving portion and a pressure, buff er 
chamber are arranged in this order adjacently to each other 
in the same direction (hereinafter, this mode of 
piezoelectric block will be referred to' as a piezoelectric 
block (A)) ; and the mode in which a piezoelectric block 
is composed of two ink pressure chambers, two partition 
walls serving as driving portions , one pressure buffer 
chamber and one fixed wall, wherein the fixed wall , the 
first ink pressure chamber , the first partition wall serving 
ia ; £ the driving portion, the pressure buffer chamber, the 
second partition wall serving as the driving portion and 
the second ink pressure chamber are arranged in this order 
in the same direction (hereinafter, this mode of 
piezoelectric block will be referred to as a piezoelectric 
block (B) ) . 
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Here, FIG- 1 is a perspective view showing one example 
of an ink- jet recording head, in which a plurality of 
piezoelectric blocks are arranged in the same direction 
as those of ink pressure chambers and pressure buffer 
chambers. In FIG . 1, in the ink-jet- recording head 1 , 
piezoelectric blocks 2, each of which includes a fixed wall 
6 r an ink pressure chamber 3, a partition wall 4 serving 
as a driving portion having electrodes 7 and a pressure 
buffer chamber 5 are arranged in this order in the same 
direction, are arranged in the same direction as the 
arranging direction of the ink pressure chamber and the 
5 i pressure buffer chamber. 

To the front surfaces of the piezoelectric blocks 2 
is weldedanozzl'eplate 9havingnozzles 8 facingthe openings 
C@ of the ink pressure chambers 3, respectively. At the back 

* surfaces of the piezoelectric blocks 2 is formed an ink 

l[\ introducing portion 10. Furthermore, as shown in FIG. 1, 

the aligning direction of the nozzles is defined as a 
thickness direction; a direction perpendicular to the 
thickness direction with respect to the plane of the nozzle 
plate is defined as a width direction; and a direction 
perpendicular to the thickness and width directions is 
defined as a length direction. 

: ,v * The ink- jet recording head having numerous nozzles can 
print or draw an image at high speed. Consequently, it is 
preferable that the. ink-jet recording head having numerous 
nozzles should be configured by arranging the plurality 
of piezoelectric blocks (A) or (B) in the same direction 
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as the arranging direction of the ink pressure chamber and 
thepressurebuffer chamber (i . e . , the thickness direction) , 
in 'the direction perpendicular to the arranging direction 
of the ink pressure chamber and the pressure buffer chamber 
and perpendicular to the longitudinal direction of the ink 
pressure chamber (i.e. , the width direction) , or in both 
the thickness and the width directions. 

At this case,, the ink-jet recording head may be 
configured by arranging either one kind of or both kinds 
of< piezoelectric blocks (A) and the piezoelectric blocks 
.(B). 

■(T&o following dcoci ^ i - ption oo^ 

i ; " In the case where the piezoelectric blocks (A) and (B) 
are block moldings integrally molded by baking powder 
including piezoelectric material, such advantages can be 
ji produced that assembling work is unnecessary so as to reduce 

the number of processes , that no adhesion is necessary so 

m ■. ;••-•> ' 

as ' to easily form a predetermined shape without any 

i3 consideration of dimension of an adhesive layer , and that 

the 1 rigidity of the entire; ink- jet recording head inclusive 

of the ink pressure chamber or the partition wall serving 

as the driving portion can be enhanced. 

In particular, in the case where the portion welded 

to the wall in the width direction of the partition wall 

r v 

serving as the driving portion is molded integrally with 

iil.",;, 

piezoelectric ceramics, such advantages can be produced 
th^Lt efficiency of conversion of distortion of the driving 
portion into the flexure of the partition wall serving as 
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the driving portion can be enhanced , that since there is, 
no adhesive portion liable to markedly affect deformation 
characteristics, vibration characteristics of the 
plurality of partition walls serving as the driving portions 
can be made constant with ease. 

Moreover, since there is no adhesive portion on the 
walls defining the ink pressure chamber so that the rigidity 
of the ink pressure chamber becomes high, ejection 
efficiency and ejection frequency become higher- 
0u* '' i aho folluwing description corresponds to claim 6 - ) 

^ It is preferable that the integrally molded 

1:3 piezoelectric block should be. prepared by kneading the 

powder of piezoelectric material with a binder such as a 

'<)'' ' ' - 

resin , so as to mold sheets , followed by baking a lamination 
formed by laminating and press-fitting the sheets. 
$ ; . Since the sheet-like piezoelectric material can be 

|1 easily thinned, it is easy to increase the density of the 

npzzle alignment in the thickness direction, and ftirther, 
the sheet including the powder of piezoelectric material 
before sintering can be easily processed, and therefore, 
c'aln be easily fabricated, so that yield can be enhanced. 

The piezoelectric block is made of material having a 
piezoelectric property, and is made of piezoelectric 
ceramics or piezoelectric single crystal. Examples of the 
piezoelectric ceramics include lead zirconate titanate, 
barium titanate, lead titanate or the like. Examples of 
piezoelectric single crystal include quartz, lithiurtfW' 

pi : 
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niobate, monocrystalline lead zirconate titanate or the 
4-ike. ' 

H; : l - ■ • . 

' {The following debcri t pfefcoti oorr - o a pondo to olaim 10 . ) ■ 

In the case where the ink-jet Recording head comprises 
two or more piezoelectric blocks, there are shown below 
modes of formation of the assembly of the piezoelectric 
blocks . In one mode , the piezoelectric blocks are not welded 
to each other but arranged independently of each other; 
and in the other mode ., the piezoelectric blocks are welded 
to each other to form the assembly. 

: : In order to not weld the, piezoelectric blocks to each 
other but arrange them independently of each other, for 
example , there is a method f or fixingly welding the plurality 
of piezoelectric blocks one by one to the nozzle plate or 
the ink introducing portion . Otherwise ■, there is a method 
for arranging some of the piezoelectric blocks and 
surrounding them with a f rame or the like, and then r tightly 
fixing the arranged piezoelectric blocks with the frame. 

These methods are preferable since the assembled 
piezoelectric block can be processed again if the interval 
between the ink pressure chambers is deviated in the once 
assembled ink- jet recording head. 

( Th^f ol 1 o w i ng-r h r irript i on rnrrp n pnnr ln to nlnim n , n nnrl 0 ) ■ 
In the meantime, in case of formation of the ink-jet 
recording head comprising the assembly of the piezoelectric 
blocks welded to each other, the piezoelectric blocks are 
bonded to each other via an adhesive made of epoxy or the 
like. 
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In order to provide the piezoelectric blocks welded 
by sintering, it is preferable that a lamination made of 
a sheet should be molded by kneading piezoelectric material 
powder with a binder, followed by baking. 

Here / in the assembly of the piezoelectric blocks, the 
piezoelectric blocks are arranged in a plate form in the 
thickness or width direction or are arranged in. a block 
form in the thickness and width directions; or the 
piezoelectric blocks are stepwise configured by arranging 
four piezoelectric blocks at a f irst step, three at a second 
step, and two at a third step. 
^ Q ' Kjfrhe . fo i l TmnH-irj rffl ^r * nrs+*H *** iui ut* ei in m^ liim 11 

' The assemblies of the piezoelectric blocks may not kje 
welded to each other, but may be arranged independently of 
each other, or may be welded to each other via an adhesive . 
There are various modes of the arrangement of the assemblies 
of the piezoelectric blocks, and therefore, an optimum 
arrangement is appropriately used. For example, the 
assemblies of the piezoelectric blocks are arrayed in the 
thickness or width direction, 

- ( . The folluwlny dfaibci.ipLlun LiuireBponds Lu uldlm 13 . ) 

1 : "> In either mode of the piezoelectric blocks (A) and (B) , 
the partition wall serving as the driving portion is not 
deformed on the side opposite to the ink pressure chamber. 
Since it is unnecessary to deform such the fixed wall, it 
is possible to increase the length in the arranging direction 
: o£ *che ink pressure chamber and the pressure buffer chamber 
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(hereinafter referred to as the thickness) . Consequently, 
it is possible to enhance the strength of the piezoelectric 
block and the strength of the ink- j et recording head obtained 
by combining the piezoelectric blocks with each other. 

Furthermore , it is also possible to enhance the strength 
of i the ink- jet recording head during. the fabricating 
processes, thereby facilitating handling and enhancing 
yield. 

Moreover, the walls defining the ink pressure chamber 

become thick since the portion except the partition wall 

I V' 

serving .as the driving portion includes the fixed wall, 
do. that the rigidity of the ink pressure chamber can be 
enhanced and mechanical energy generated on the partition 
wall serving as the driving portion can be converted into 
ejection energy without any loss so as to achieve the e j ection 
at /a low driving voltage. 

Additionally, since the rigidity of the walls defining 
the ink pressure chamber is high, the resonance frequency 
of ! the ink pressure chamber per se becomes high, thereby 
increasing the ejection repeating frequency. 
tfPho following doooription corra s pondo -to— ctoim 14. ) ■ 
M As described above, the thickness of the fixed wall 
xi preferably increased within the allowable range of the 
nozzle aligning density- 

When the fixed wall includes a portion firmer than the 
partition wall serving as the driving portion or the like, 
the strength of the ink- jet recording head can be further 
enhanced. For example, a plate is made of particles of 
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piezoelectric ceramics which are bonded (sintered) at the 
density higher than that at the portion constituting the 
partition wall serving as the drivingportion . The ceramics 
plate is interposed as the fixed wall. At this moment, it 
is much preferable that the length in the width direction 
of the ceramics plate (hereinafter referred to as the width) 
sliould be greater than that of the ink pressure chamber 
arid the ink buffer chamber since the fixed wall functions 
as a strut. 

< A metallic plate made of stainless steel or the like 
may be used in place of the piezoelectric ceramics plate 
&s described above . There may be used a plate , the strength 
of which is enhanced by mixing platinum particles with 
piezoelectric ceramics particles; or a plate which is made 
of .ceramics having high strength such as alumina or zirconia 
other than the piezoelectric ceramics. 
4- Thc fulluwlny. desuiipLlon corresponds - to claim 15. ) 

V Additionally, if, for example , a hollow portion having 
.substantially the same size as that of the pressure buffer 
chamber is formed at the fixed wall, the rigidity of the 
fixed wall is slightly decreased while the flexibility 
thereof is enhanced. Consequently, the tenacious fixed 
wall can be formed. 

Furthermore, if a ceramics sintered plate is used as 
the fixed wall, the binder such as a resin which is kneaded 
in molding ceramics into a plate form can be removed with 
lease, thereby facilitating formation of the fixed wall 
.without any honeycomb or crack therein. 
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Here, since the ink pressure chamber is filled with 
the ink, it need be completely empty immediately after 
fabrication of the ink- jet recording head. In the case where 
tfie ink is filled into the ink pressure chamber to be e j ected 
from the nozzles, deformation energy of the partition wall 
serving as the driving portion' is used only for compressing 
bubbles if the bubbles remain inside the ink pressure chamber 
As a result, the ink cannot be ejected from the nozzles. 

In order to fill the ink into the ink pressure chamber 
without allowing bubbles to remain therein , it is preferable 
i&at the inner wall of the ink pressure chamber should be 
bvided with excellent wettability to the ink to be filled, 
or that the ink pressure chamber should be formed into a 
shape difficult for the bubbles to. remain. In order to make 
the inside of th^ ink pressure chamber excellently wet with 
water ink, it is preferable that the inner surface of the 
ink pressure chamber should be covered with a hydrophilic 
film after, sintering. 

}'b The ink pressure chamber in which no bubbles remain 
is preferably tapered toward the ink introducing portion 
and the nozzles. 

(rrbo fo ll owing Hogpriptinn rn'rr.ftppnnHr -f-n p4^'h i i 17.) 

The pressure buffer chamber functions not to propagate 
the'ej ection energy generated on the partition wall serving 
as the driving portion adjacent thereto to portions other 
than the ink pressure chamber adjacent thereto. Although 
basically, it is preferable that the pressure buffer chamber 
should be in the state in which there is nothing but air, 
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it may be filled with some material in order to enhance 



v Examples of the/material filled in the pressure buffer 
chamber in this case include materials having a great 
pressure buffer effect, such as foaming rubber or urethane 
foam. 

In order to enhance a pressure buffer effect, it is 
desirable that the pressure buffer chamber should 
communicate with the outside via an air inlet path. The 
pressure buffer chamber communicates with the outside , 
thereby achieving a great pressure buffer effect. 

L I: . 
t ■ • ■ 

,43fe © -- f ollowing - deocription - ccrro c pondo to cla - fatt - 9.) . 
r \ t In order to prevent any contamination caused by sucking 
the ink to be introduced into the ink pressure chamber 
adjacent to the pressure buffer chamber or the ink ejected 
from the nozzles, it is preferable that the pressure buffer 
chamber should not be opened on a side where the ink pressure 
chamber is opened. 

In the case where the. nozzle plate is stuck, it is 
preferable that the opening of the pressure buffer chamber 
should not be located. on the side where the ink pressure 
chamber is opened so as to enlarge the welding area between 
the piezoelectric block and the nozzle plate . Consequently, 
the* nozzle plate can be easily welded with accuracy. 

In order that the opening of the pressure buff er chamber 
may not located on the side where the ink pressure chamber 
is opened, it is effective that the pressure buffer chamber 
br/the ink pressure chamber is bent in such a manner that 



the strength of the ink- jet recording head. 
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the pressure buffer chamber and the ink pressure chamber 
are exposed to different surfaces of the piezoelectric 
blpck. 

h The opening of the ink pressure chamber as it is used 
asithe nozzle for ejecting the ink therefrom, or the nozzle 
plate having holes communicating with the ink pressure 
chambers is stuck to the surface at which the ink pressure 
chamber is opened. 

\> In the case where the opening of the ink pressure chamber 
is used as the nozzle, since it is difficult to uniformly 
form the plurality of fine nozzles, normally, the nozzle 
p plate in which the nozzles are formed independently is welded 

I!] to the ink pressure chamber in such a manner that the nozzles 

%~ correspond to the openings. 

P3 The nozzle plate is made of material which has high 

Em 

* rigidity in order to enhance the rigidity of the ink pressure 

chamber and never chemically acts with the ink, preferably, 
such as ceramics, metal or resins. 



W ^gho - f trlluwluy description corrc - Sfpuxidb Lu elctim 19. fr 

I /' There are various modes of arrangements of the 
electrodes for driving the piezoelectric element inside 
telle partition wall serving as the driving portion. The 
portion in the partition wall serving as the driving portion 
at Vwhich the electrodes face each 6ther functions as the 
piezoelectric element for generating the ink ejecting 
energy. 

In the case where the number of electrodes disposed 
6n one partition wall serving as the driving portion is 
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two, in one of the preferable modes of the arrangements 
of the electrodes , one of the pair of electrodes is disposed 
inside the partition wall serving as the driving portion, 
while the other electrode is. disposed at the surf ace exposed 
io the ink pressure chamber or the pressure buffer chamber 
Inthe partition wall serving as the driving portion . 
■i In this way , the portion which is not interposed between 
the electrodes and is never distorted with application of 
a voltage (hereinafter referred to as a restricting portion) 
and the portion which is interposed between the electrodes 
and is distorted with application of the voltage 
(hereinafter referred to as the driving portion) are formed 
inside the partition wall serving as the driving portion, 
s6 that the flexing direction of the partition wall serving 
as the driving portion can be set uniquely owing to the 
polarity of the applied voltage' and the polarizing direction 
jj of the driving portion, and the ink ejection can be freely 

controlled. 

Particularly, the electrode to be exposed is preferably 
exposed to the pressure buffer chamber. This is because 
if the electrode is exposed to the ink pressure chamber, 
the electrode is liable to be degraded due to an 
electrochemical. reaction with the ink or a deposit is 
produced from the ink to cause clogging in the nozzle. 

In the other preferable mode of the arrangement of the 
electrodes, one of the electrodes is disposed apart from 
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. the ink pressure chamberrwith a predetermined distance (LI) , 
the other electrode is disposed from the pressure buffer 
chamber with a predetermined distance (L2) . 

' With this arrangement , the electrodes are housed inside 
the ceramics so as not to be brought into contact with the 
ink. Consequently, it is preferable that the electrodes 
6annot be separated or cannot electrochemically act with 
the ink. In this case, since the distances Ll and L2 are 
different from each other, it is possible to uniquely s^t 
the f lexing direction of the partition wall serving as the 
driving portion owing to the polarity of the applied voltage 

v3 arid the polarizing direction of the driving portion, thereby 

K\ freely controlling the, ink ejection. 

~Z For example, assuming that Ll > L2 in the case where 

!^ the direction of the electric field is set in a direction 

* in which the driving portion interposed between the pair 

m of electrodes is contracted, the partition wall serving 

■fl-i 

IZ as-the driving portion is flexed toward a direction in which 

^ the! volume of the ink pressure chamber is decreased. To 

the contrary, in the case where the portion interposed 
between the electrodes is expanded, the partition wall 
serving as the driving portion is flexed toward a direction 
ih which the volume of the ink pressure chamber is increased . 

In this case, if the values Ll and L2 are approximate 
to each other, it is difficult that the flexure quantity 
of the partition wall serving as the driving portion becomes 
glceax: . Therefore, it is preferable that the values Ll mid 
L2 i should be greatly different. II 
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In particular, it is preferable that LI > L2 . The 
ceramics between the ink pressure chamber and the electrode 
are thickened , so that the possibility of the contact between 

3 • 

the, ink and the electrode can be reduced, if anything should 
hatppen. 

' (The fulluwiug des c ription uuiiespunds — Lo claim 23 0 * 

In any one of the above-describedmodes of the electrodes 

I . i 
I 

disposed on the partition wall serving as the driving portion , 
one or more electrodes are interposed between the pair of 
electrodes housed inside the partition wall serving as the 
driving portion, thereby achieving the driving at a lower 
vbltage . f 
KJ In this case, the direction of the electric field and 

the polarizing direction are set in such a manner that the 
f ; f driving portion interposed between the plurality of 

* electrodes are expanded or contracted in the same direction . 

fy} XJlh* d— following description corrcopondD to claim 20 r ) 

In a further preferable mode of the arrangement of the 
electrodes, a first electrodei,is disposed at the surface 
exposed to the ink pressure chamber of the partition wall 
serving as the driving portion, a second electrode is 
disposed inside the partition wall serving as the driving 
portion, and a third electrode is disposed at the surface 
exposed to the pressure buffer chamber of the partition 
wall serving as the driving portion. 

- In this case, there is no electrode inside the partition 
wall serving as the drivingportion . Although only the first 
and* third electrodes can allow the partition wall serving 
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$s the driving portion to be flexed, the flexing direction 
cannot be determined uniquely. Consequently, it is much 
preferable that the three electrodes including the 
above-described second electrode should be disposed. 

■ [ With this arrangement of the electrodes , the partition 
walls serving as the driving portions bisected by the second 
electrode can be controlled to be expanded or contracted 
in- directions opposite to each other, or to be expanded 
or 'contracted in different quantities in the same direction . 
Consequently , it is possible to uniquely set the flexing 
(direction of the partition wall serving as the driving 
portion, so as to freely control the ink ejection. 

In the case where the partition walls serving as the 
driving portions bisected by the second electrode are 
expanded or contracted in directions opposite to each other , 
the polarity of the voltage between the electrodes and the 
polarizing directions of the drivingportions are controlled 
in such a manner that, for example, the portion (a first 
driving portion) interposed between the first electrode 
and the second electrode is expanded, while the portion 
(a second driving portion) interposed between the second 
electrode and the third electrode is contracted, the 
partition walls serving as the driving portions are flexed 
toward the ink pressure chamber so as to eject the ink. 

j I: It is possible to achieve great flexure at a voltage 

i v ■ • 

lbwer than that in the case where only the first driving 
portion is expanded or where only the second driving portion 
is 1 contracted, so that the ink-can be efficiently ejected. 
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In the case where the partition walls serving as the 
driving portions bisected by the second electrode are 
expanded in the same direction,, for example, an expansion 
quantity of the first driving portion in contact with the 
ink pressure chamber is made greater than that of the second 
driving portion in contact with the pressure buff er chamber. 
"': \\ The directions of the voltages to be applied to the 
first and second driving portions and the polarizing 
directions are set in such a manner that the first and second 
driving portions are expanded at the same time . The strength 
of { the electric field to.be applied to the first driving 
portion is set to be greater than that of the electric field 
to ; be applied to the. second driving portion/ so that the 
partition walls serving as the .driving portions are flexed 
toward the pressure chamber, thereby ejecting the ink. 
v In the same manner, the direction and strength of the 

f| electric field are set appropriately in the case where the 

- m 

I j first and second driving portions are contracted at the 

•J same time, thereby ejecting the ink. 

j tfho followin g d u sciijjLiun extfr - r - ecpontito - Lo ulaiiu 23.) - 
■) Similarly in this mode of the arrangement of the 
electrodes r one or more electrodes maybe interposed between 
tlie- electrodes facing each other. In this case, the 
direction of the electric field and the polarizing direction 
are set in such a manner that the driving portion nearest 
ihe ink pressure chamber and the driving portion most nearest 
If om the pressure buffer chamber are expanded or contracted 
ii^ directions opposite to each other. 
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* * The driving portions partitioned by the electrode 
disposed inside the partition wall serving as the driving 
portion may be expanded or contracted in any direction or 
may not be expanded or contracted. It is much preferable 

t 

Mat the direction of the electric field and the polarizing 
direction should be set in such a manner that the electrode 
is disposed at the center of the partition wall serving 
as the driving portion, and that the partition walls serving 
as the driving portions partitioned via the center electrode 
are deformed in the directions opposite to each other . Also 
in this case , the most efficient ink ej ection can be achieved . 

In the case where out of the electrodes arranged on 



the partition wall serving, as the driving portion, the 
electrode exposed to the ink pressure chamber is grounded, 
|; ho current flows in the ink by the j applied voltage . 

jlj Therefore, it is possible to prevent any occurrence of a 

problem such as exhaustion of the electrode or deposition 
of a dye caused by an electrochemical reaction generated 

U ; " J 

when a current flows . 

■ -I • .o ' 

fgpfre-gej ^uwlny deacjrlpL ± on - correcp^ndu L o ulaiui 18. 4 



Furthermore , w^n all of the electrodes have mesh-like 
/• \J structure, the adjacent piezoelectric elements having the 

^^/^-* electrode interposed r^erebetween can be welded to each 
other through the mesh oY the electrode, so as to further 
< a nHann^t h .e w ^t ranqt:h o£ tB e ink-let recording head. 

Also in the case of the electrode exposed to the ink 
pressure chamber or the pressure buffer chamber, it is 
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possible to preferably alleviate distortion due to the 

difference in contraction ratio between the electrode and 

it ■ 

the piezoelectric ceramics at the time of sintering. 

; In order to form the electrode into a mesh shape, a 
mesh-like pattern is formed on a metal plate or a metal 
thin film, paste including an appropriately adjusted 
quantity of metal is printed in a predetermined thickness 
into a mesh shape at the time of sintering , or paste including 
particulate piezoelectric material mixed with, electrode 
material is prepared and printed, or printed in a mesh form. 
The electrode is made of material excellent in electric 
4;3 conductivity such as metal. Examples of usable metal 

*:j include silver, palladium, gold and platinum. 

In the ink- jet recording head having the 
p above-described configuration, the partition wall serving 

j' as the driving portion distorted with application of the 

fij voltage between the electrodes ranges within the driving 

;1 portion at which the electrodes face each other, wherein 

the partition wall serving as the driving portion is flexed 
by the distortion. 

v A quantity of the ink ejected from the nozzle is 
determined by a quantity of volumetric change generated 
by the flexure of the partition wall serving as the driving 
portion toward the ink pressure chamber. Therefore, it is 
preferable that the width at the portion at which the 
electrodes disposed on the partition wall serving as the 
driving portion face each other should become uniform at 

> 

■'i - 28 - 
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any portion of the partition wall serving as the driving 
portion. 

u In this manner , it is possible to make uniform a quantity 
of ^volumetric change of each of the ink pressure chambers, 
thereby achieving a uniform ink ejection quantity so as 
to draw an image of high quality. 

(T - bo following - de y ciipLloii cuitespond i s - ^o - cAa - i - ro 2 8 .) - 
|; \ < Particularly , if the width of the portion at which the 
electrodes face each other is smaller than that of the portion 
atjwhich the ink pressure chamber and the pressure buffer 
chamber face each other,- the root of the beam structure 
on the partition wall serving as the driving portion cannot 
be; markedly either deformed or moved. Consequently , the 
distortion generatedbetween the electrodes on the partition 
Wall serving as the driving portion can be converted into 
the flexure on the partition wall serving as the driving 
portion without any loss, thereby making the volumetric 
change in the ink pressure chamber. 

{ gho following descripLlOli correapondo to claim 29.) 

; s> if the width of one of the pair of electrodes on the 
partition wall serving as the driving portion is greater 
than that of the adjacent electrode , the width at the portion 
of the partition wall serving as the driving portion with 
application of the voltage is not changed even if the 
electrodes facing. each other are slightly shifted in the 
width direction for a fabrication reason. Consequently, 
a distortion quantity of the.driving portion, i.e. , a flexure 
quantity of the partition wall serving as the driving portion 
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becomes constant, thus making the quantity of the ink to 
be ejected from the nozzle uniform. 

( ■ T - fao foll o wing desurlpLi o n correa p ondo to olaimo 30 and - 

<e*l< » ) ■* 

Mil . - - ■ . 

At this time, if one of the electrodes is included in 
the portion at which the ink pressure chamber and thepressure 
t>uf fer chamber face each other and the other electrode is 
allowed to split the portion at which the ink pressure chamber 
and the pressure buffer chamber face each other, it is 
possible to provide the structure in which the ejection 
efficiency and the effect of ejection uniformity are easily 
achieved. 

Moreover, if the thickness of the splitting electrode 
is greater than that of the adjacent electrode, the effect 
of the strut is further improved, thereby increasing the 
Strength of the partition wall serving as the driving 



fa 



18 por-cion, 

- ii :'..'.■» 

j:j tfho following doooription oorroopondo to c laim 32.) 

•f . ? . The portion at which the ink pressure chamber and the 

pressure buffer chamber face each other is the portion of 
the partition wall serving as the driving portion for 
generating flexure and substantially producing the 
volumetric change in the ink pressure chamber so as to eject 
the ink . I f the width of the port ion at which the ink pre s sure 
chamber and the pressure buffer chamber face each other 
is'equal at any part of the partition walls serving as the 
driving portions, the vibration characteristics of the 
plurality of partition walls serving as the driving portions 



h 
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become uniform, so that the ink ejected from the plurality 
of nozzles can become uniform, thus drawing an image of 
high quality. 

J; At this moment, if the width between the ink pressure 
chamber and the pressure buffeV chamber which are adjacent 
to each other is different, a smaller one of the widths 
of the ink pressure chamber and the pressure buffer chamber 
becomes a width at the portion at which the ink pressure 
chamber and the pressure buffer chamber face each other 
even if either one of the ink pressure chamber and the pressure 
buffer chamber is slightly shifted in the width direction 

I J \ ' ; I 

S:3 for a fabrication reason, thereby preventing any change 

in width of the beam which generates flexure of the partition 
wall serving as the driving portion. 
II ' If the distance between the nozzles communicating with 

i: the adjacent ink pressure chambers is constant in the 

jHj thickness or width direction, the ink- jet recording head 

brjan object to be printed (for example, a sheet of paper) 

*3 in drawing can be moved at a constant speed or step, so 

t. : ^ » - 1 ■ *. 

ttiat it is possible to simplify a mechanism for moving the 
ink-jet recording head and trie object to be printed, or 
a 'scanning method. 

In an ink- jet printer, the ink- jet recording head and 
the object to be printed (for example, a sheet of paper) 
are movedperpendicularly to each other at the time of drawing . 
'in the ink- jet recording head in which the nozzles are aligned 
Jin the moving direction of the ink- jet recording head (a 
main scanning direction) and the m arrays of the nozzles 

" - ' ~ -.31 - 
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aligned in the main scanning direction are arranged in a 
moving direction of the object to be printed" (a sub-^scanning 
direction) , it is preferable that all the nozzles should 

['•it' r 

be aligned without any mutual overlapping in- the case of 
projection in "the sub-scanning direction. 

fo l lowing dooor - ipfc i on o o r r o a ponds Lo claims 1 and 3 > ) ■ 
In this manner, it is possible to virtually enhance 
the nozzle aligning density so as to draw an image of high 
quality. 

This can be achieved if X S P^5n r wherein X represents 

(deviation in the main scanning/direction of one nozzle 

in an arbitrary nozzle array fromenother nozzle in a nozzle 

array nearest in the main scanning direction, and P 

represents a pitch between the adrj acent nozzles in one nozzle 

array. In the ink- jet recording head configured in this 

way, it is possible to align Lhe nozzles projected in the 

sub-scanning direction at tne highest aligning density. 

Consequently, it is possible to provide the ink-jet 

recording head capable of drawing an image of high quality. 

■ .. ." 

i# At this moment, the: nozzle aligning direction may be 

the same as or different from-the arranging direction of 

theHnk pressure chamber and the pressure buffer chamber: 

in the case of the same direction, it is preferable that 

the ink pressure chamber and the nozzles should be easily 

>( * 

positioned, thereby securing the welding to the nozzle plate . 

ill 

However, in the case where the interval between the ink 
pressure chambers is slightly deviated from the interval 
between the nozzles caused by an error in viewof fabrication. 
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the nozzle aligning direction is deviated with an angle 

from, the arranging direction of the ink pressure chamber 

i ; ' 

arid the pressure buffer chamber, so that all the nozzles 

f'h 

can be aligned within the opening surfaces of the inkpressure 
c&ambers , thereby absorbing the error in view of 
fabrication. 

0^ (The fo - l - lowing do - ooription oorreppunUs LP " claim 3D. -fr 

Moreover, it is necessary to timewise delay an ink 
e j ecting timing by the distance between the first alignment 
of the nozzles and the alignment of the nozzles adjacent 
t<p the first alignment of . the nozzles. 

; v Normally, the delayed timing is adjusted by changing 

the number of pulses in reference to a pulse signal 

■■.'it " ■ 

corresponding to a recording resolution. 

As to the recording resolution, since the same 

resolution is normally selected in the vertical and 

horizontal directions of the recording medium, the above 

mentioned deviation (X) determines the recording 

resolution. 

If the distance in the sub-scanning direction between 
the first alignment of the nozzles and the second alignment 
of rthe nozzles adjacent to the first alignment of the nozzles 
is a multiple of the deviation (X) between the nozzles in 
the adjacent nozzle alignments, the ejecting timings of 
the nozzle alignments can be allowed to accord with each 
other in reference to the pulse corresponding to the 
recording resolution. 
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- The present invention will be described below in more 
detail in reference to the accompanying drawings, 

(First Embodiment) j 

A first embodiment according to the present invention 
will be described in reference to FIG. 1 which has been i 
already referred to. The ink introducing portion 10 shown 
in FIG. 1 is partitioned into the same number as that of 
colors of inks . ' j 
The ink introducing portion 10 is integrally fabricated \ 
inside the piezoelectric block 2. Otherwise, the ink , 
introducing portion 10 is fabricated separately from the 
p piezoelectric block 2 , and then , welded to the piezoelectric 

block 2. 

The ink-jet recording head shown in FIG. 1 comprises 
a piezoelectric block 2 of the structure in which a fixed 
wall 6 , an ink pressure chamber 3 , a partition wall 4 serving 



ra as a driving portion having electrodes 7 , and a pressure 

* :-5 



buffer chamber 5 are arranged in the same direction. The 
piezoelectric block configured in this way is referred to 
as a piezoelectric block (A) ♦ In this piezoelectric block, 
for example , piezoelectric ceramics powder is mixed with 
a binder, the resultant mixture is filled into a mold having 
a desired shape , and then, is removed from the mold, followed 
by baking. Alternatively, a die is molded with a burnable 
resin, thereby providing a piezoelectric block which is 
sintered by baking integrally with the mold. 
* >»*' 



1 
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In another fabricating method, the ink- jet recording 
head can be fabricated by a method for laminating 
piezoelectric ceramics green sheets. 

A i On a fixed wall sheet, for example, are repeatedly 
laminated in a predetermined order a pressure chamber sheet 
in which a cavity for a pressure chamber corresponding to 
an ink pressure chamber is formed on a fixed wall sheet, 
a partition wall sheet serving as a driving portion in which 
electrodes are disposed by printing or transferring, and 
a -pressure buffer chamber sheet in which a cavity for a 
pressure buffer chamber corresponding to a pressure buff er 
!;3 chamber is formed (this process is repeated five times in 

%| fabricating the ink- jet recording head shown in FIG. 1) . 

J t The sheets are bonded by heat or pressure , if necessary , 

j 1 ; followed by integrally baking, thereby providing the 

*< assembly of the piezoelectric blocks. A nozzle plate and 

|13 an ink introducing portion, if necessary, are welded to 

j:j the assembly of the piezoelectric blocks . 

% i -\ ; Although in FIG. 1 one array of piezoelectric blocks 

) \ * '■ " ■ 

is arranged in the thickness direction so as to provide 
the ink- jet recording head, one array of piezoelectric 
blocks may be arranged only in the width direction, as shown 
in FIG. 2(a) , the same number of arrays of piezoelectric 
blocks maybe arranged in the thickness and width directions , 
as shown in FIG . 2 (b) , or the piezoelectric blocks may be 
arranged stepwise ir^ the thickness and width directions, 
a's.;' shown in FIG. 2 (c) . Consequently, it is possible to 
increase the numbers of ink pressure chambers and nozzles 
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communicating with the ink pressure chambers within a 
predetermined range, thereby producing the effect of an 
increase in drawing ' speed . 

The ink- jet recording "head composed of the plurality 
of piezoelectric blocks can be fabricated by integrally 
sintering ceramics, bonding the plurality of sintered 
piezoelectric blocks to each other via an adhesive , welding 
the piezoelectric blocks to the nozzle plate or the ink 
introducing portion in a predetermined order, or arranging 
the "plurality of piezoelectric blocks so as to fix them 
as a wjiole via a frame. 
P v!; One example of operation of the ink-j et recording head 

'it. A 



f • i 

siich configured as described above will be explained in 
reference to PIG. 3 



When a voltage is applied between electrodes 17a and 
17b in such a manner that a driving portion 14a held between 



.« ' .■ 

II the electrodes 17a and 17b is contracted in a width direction, 

|Jj a partition wall 4 serving as the driving portion is flexed 

• : 2 to be expanded leftward, as shown in FIG. 3, due to a 

difference in distortion between the driving portion 14a 
and a restricting portion 14b since the restricting portion 
14 b not held between the electrodes 17a and 17b is not deformed, 
thereby reducing the volume of an ink pressure chamber 3. 
At this time, the ink filled in the ink pressure chamber 
3 ;is pressed away by a quantity equivalent to the flexing 
deformation of the partition wall 4 serving as the driving 
portion, to be thus ejected from a nozzle 8 communicating 
with the ink pressure chamber. 



- 36 - 



1999-12-23 ' ';i0: 18 VW* h<9*a-/*Cam A ' NO. 265 P. 38 

• v. • 

Thereafter, when the voltage application is released, 
thepartition wall serving as the drivingportion is returned 
to. the original position. At this moment, * the inside of 
the ink pressure chamber comes into a vacuum by the quantity 
of" the volume of the ink to be ejected in comparison with 
.the atmospheric pressure, thereby generating force for 
sucking gas and. liquid through the nozzle of the ink pressure 
chamber and the ink introducing portion. 

However, outside gas can be prevented from intruding 
into the ink pressure chamber owing to the surface tension 
of4:he ink at the nozzle on the side of the ejection nozzle. 

IS* 

3 With this effect, it is possible to eject the ink next time 

j without any intrusion of bubbles into the ink pressure 

^ cliamber through the nozzle. 

"I If the bubbles intrude into the ink pressure chamber, 

. the flexure energy of the partition wall serving as the 
3 driving portion is used to compress the bubbles , resulting 

j in impossibility of ink ej ection . In the meantime, the ink 

i by the quantity to be ejected f rom the nozzle is introduced 

into the ink pressure chamber from the ink introducing 
portion, thereby making next ink ejection possible. 

In this way, the flexing direction of the partition 
wall 4 serving as the driving portion can be set uniquely 
based upon the polarity of the voltage to be applied to 
the electrodes 17a and 17b and the polarizing direction 
of the driving portion 14a , thereby making it possible to 
freely control the ejection of the ink filled in the ink 
pressure chamber. 
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Although in FIGS. 1 to 3, the thickness of the ink 
pressure chamber is the same as that of the pressure buffer 
chamber, it is sufficient that the pressure buffer chamber 
has' a space enough to allow the partition wall serving as 

the driving portion to be flexed. Therefore, the thickness 

'i 

of the pressure buffer chamber is reduced to narrow an 
;arranging interval of the ink pressure chambers, so as to 
increase the nozzle arranging density. | 

The opening of the ink pressure chamber is formed in 
the same size as the diameter of an ejection hole in tlje 
ease where no nozzle plate is welded, while an opening having 
a :s ! ize larger than at least the diameter of the nozzle is 

needed in the case where a nozzle plate is welded. 

'i 

Furthermore, in consideration of positional deviation 
generated in welding the nozzle plate or an overflow of 



an adhesive, it is preferable that an opening should ha^je 

111 the thickness of about triple or more the nozzle diameter 

m . 1 

fjj in; the case where the diameter of the ejection nozzle ranges 

from about 20 jim to 3 0 |Jm. 

(Sebond Embodiment) | 

As shown in FIG. 4, an ink- jet recording head in a second 
embodiment comprises a piezoelectric block 12 including 
a first ink pressure chamber 3a f a first partition wa^l 
<4a serving as a driving portion having electrodes 7a, 
pressure buf f er chamber 5 , a secondpartition wall 4b servir^g 
as a driving portion having Electrodes 7b, a second ink 
pressure chamber 3b, and a fixed wall 6, all of which are 
arranged in the same direction, ^ 
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The piezoelectric block having. this configuration is 
referred to as. a piezoelectric block (B) . The ink-jet 
recording head is configured in the same manner as the first 
embodiment except the use of ;the piezoelectric block (B) . 
In the case of the piezoelectric block (B) , the pressure 
biuffer chamber 5 is used commonly by the first and second 
ink pressure chambers 3a and 3b. The piezoelectric block 
(B) is symmetric with respect to the center of the pressure 
buffer chamber. 

In the present embodiment, as shown in FIG. 4, in the 
^ ■ case where the nozzles communicating with the ink pressure 

5=3 chambers are arranged at equal pitches P, a thick fixed 

S| wall 6 can be interposed between the second ink pressure 

: 3 chamber 3b in the most left side piezoelectric block 12 

j'f and the first ink pressure chamber 3a in the central 

piezoelectric block 12, thereby enhancing the rigidity of 
IlJ the ink- jet recording head and enhancing reliability. 

iy Durxng the fabricating processes, the strength of the 

; : S itik-jet recording head becomes high so as to facilitate 

Handling and enhance yield. Moreover, in the ease where 
the nozzles communicating with the ink pressure chambers 
are not aligned at equal pitches , the nozzle aligning density 
can be further increased. 

For example, if the thicknesses of the ink pressure 
chamber, the partition wall serving as the driving portion 
and the pressure buffer chamber are set to 80 \im, 60 Jim 
and 80 Jim, respectively , the interval of the nozzles 
communicating with the ink pressure chambers is 280 nm in 
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the arranging direction of the ink pressure chamber and 
the pressure buffer chamber , so that the thickness of the 

fixed wall is 200 \m. - 

■ \ 

If in the ink- j et recording head fabricated in the first 
embodiment, the thicknesses 6f the ink pressure chamber, 
the partition wall serving as .the driving portion and the 
pressure buffer chamber and the interval of the nozzles 
are set the same as described above , the thickness of the 
fixed wall becomes 60 Jim. 

■ r 'y' Furthermore , when a hollow portion is formed on the 

* v ■ ' 

fixed wall, as shown in FIG. 5, the pressure energy generated 
on the partition wall serving as the driving portion is 
propagated to the fixed wall through the ink although the 
strength of the fixed wall is weakened slightly/ so that 
distortion generated inside the fixed wall can be alleviated 
even if such distortion is generated on the fixed wall, 
whereby the fixed wall is hardly broken. Moreover, if the 
fjixed wall is made of ceramic powder kneaded with a resin, 
the resin can be easily removed, thereby shortening a time 
required for fabrication. Additionally, it is possible to 
prevent any generation of an ^unexpected nest or a crack 
inside the fixed wall so as to enhance yield, thus reducing 
a " fabricating cost of- the ink- jet recording head. 
(Third Embodiment) 

As shown in FIG. 6, an ink-jet recording head in a third 
embodiment according to the present invention is configured 
£ii the same manner as the first embodiment except that 
piezoelectric blocks 2 and other piezoelectric blocks 12 
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are combined with each other, wherein the piezoelectric 
block 2 includes an ink pressure chamber 3, a partition 
"-wall 4 serving as a driving portion having electrodes 7 , 
[k pressure buffer chamber 5, and a fixed wall 6, all of 
•Which are laminated in the same direction and the 
piezoelectric block 12 includes a first ink pressure chamber 
3 a > a first driving portion 4a having electrodes 7a f a 
pressure buffer chamber 5 , a second driving portion 4b having 
electrodes 7b, a second ink pressure chamber 3b, and a fixed 

wall 6, all of which are laminated in the same direction. 

i ... 

if 1 The piezoelectric blocks 2 and 12 are arranged in the 
1:3 .thickness direction with fixed walls 6 held therebetween. 

Hj The effect produced in the present embodiment is the same 

W as those described in the first and second embodiments, 

f- (Fourth Embodiment) 

* An ink- jet recording head in a fourth embodiment 

III according to the present invention is configured in the 

m 

jj same manner as the first embodiment except that another 

piezoelectricblock 22 having three electrodes is fabricated 
in the partition wall 4 serving as the driving portions 
in the piezoelectric block 2 in the first embodiment. As 
shown in PIG , 7, the three electrodes 27a, 27b and 27c are 
disposed in the. partition wall serving as the driving 
portions. The electrode 27b is grounded or is used as a 
driving electrode, and the electrodes 27a and 27c holding 
the electrode 27b therebetween have a polarity opposite 
tb that of the electrode 27b. A voltage is applied between 
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the electrodes in such a manner that the driving portions 
24a and 24b are deformed in the same direction. 

" When the polarizing directions of the driving portions 

i2 : 4a and 24b are set opposite to each other to contract the 

■ ■ ji: 

driving portions 24a and 24b together, the partition wall 
4 serving as the driving portions is flexed toward an ink 
pressure chamber 3 to compress the ink pressure chamber 
3, since a restricting portion 24c is not deformed. 

>' In the present embodiment, since the distance between 
the electrodes becomes about 1/2 in comparison with that 

in the first embodiment, the strength of the electric field 

C3 ■ * - ' ■ 

* : ;3 incomes twice with application of the same voltage, so that 

the driving voltage for obtaining the deformation required 
for the ink ejection becomes about 1/2. 
*7 ' Although as shown in~FIG . 7 , all of the three electrodes 

i= are disposed only rightward of the center of the partition 

|y wall serving as the driving portions, the electrode 27a 

:j s ni • 

may be disposed anywhere except the surface exposed to the 
ink pressure chamber as long as the electrode 27c is exposed 
tp a pressure buffer chamber of the partition wall serving 
as the driving portions and the electrode 27b is interposed 
between the electrodes 27a and 27c. The same effect can 
be produced even if the electrodes 27a, 27b and 27c are 
disposed at positions other than those shown in FIG. 7. 

(Fifth Embodiment) 

An ink- jet recording head in a fifth embodiment 
according to the present invention is configured in the 
same manner as the first embodiment except that electrodes 

!'•: 
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are disposed at the surface. ;of a partition wall serving 
as driving portions exposed :to an ink pressure chamber, 
at; the inside of the partition wall serving as the driving 
portions and at the surface of the partition wall serving 
as the driving portions exposed.to a pressure buff er chamber. 
As shown in FIG. 8, the electrode 37a is disposed at 
the surface of the partition wall 4 serving as the driving 
portions exposed to the pressure chamber 3; the electrode 
37c is disposed at the surface of the partition wall 4 serving 
as the driving portions exposed to the pressure buffer 
chamber; and the electrode 37b is interposed between the 

'jrJ " 

?ij electrodes 37a and 37c. 

Lj A voltage is applied between the electrodes in such 

fl a, manner that a driving portipn 34a held between the 

ff electrodes 37a and 37b is expanded while another driving 

* portion 34b held. between the electrodes 37b and 37c is 

111 contracted, thereby flexing the partition wall 4 serving 

Jjl as the driving portions so as to compress the ink pressure 

^ chamber 3. 

With this arrangement, it is possible to increase the 
flexure of the partition wall 4 serving as the driving 
portions so as to further cause a volumetric change of the 
ink pressure chamber 3. At this moment, if the electrodes 
,37a and 37c function as grounding electrodes and the 
electrode 37b functions as a driving electrode, no current 
flows in the ink filled into the ink pressure chamber 3, 
thereby suppressing deterioration of the ink and generating 
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(deposit from the ink due to an electrochemical reaction 
so as to prevent any clogging in the nozzle. 

In the structure in which the electrodes are arranged 
ak shown in FIG. 8, the ink ejection can be controlled by 
expanding or contracting the driving portions 34a and 34b 
at the same time. In the case where the driving portions 
34a and 34b are expanded at the same time, an expansion 
of the driving portion 34a is made more than that of the 
driving portion ,34b, so that the partition wall serving 
as the driving portions is flexed toward the ink pressure 
chamber, thereby ejecting the ink. 
3 ' To the contrary , in the case where the driving portions 

j are contracted at the same time , a contraction of the driving 

I portion 34a is made less than that of the driving portion 

I 34b, so that the partition wall serving as the driving 

portions is flexed toward the ink pressure chamber. 
.;! In this way, in order to make the expansion or 

* contraction of the driving portions partitioned by the 

3 electrode different, it is sufficient to make different 

the driving voltage . to be applied between the electrodes 
disposed on the partition wall serving as the driving 
portions and the strength of the electric field determined 
based on the distance between the electrodes . 

Specifically, for example, in the case where the driving 
portions 34a and 34b are expanded at the same time, the 
polarity of the applied voltage and the polarizing direction 
are . set appropriately, and the strength of the electric 
field applied between the electrodes 37a and 37b at both 
i 
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ends of the driving portion 34a is set smaller than the 
•strength of the electric field applied between the 
electrodes 37b and 37c at both ends of the driving portion 
34b. . 

Also in the case where the driving portions are 
contracted at the same time, the ink can be ejected in the 

* ' ■ ; 

same manner as described above. 

(Sixth Embodiment) , 

An ink- jet recording head in a sixth embodiment 
according to the present invention is , configured in the 
same manner as the fifth embodiment except that five 
Electrodes are disposed at a partition wall serving as 
driving portions to fabricate a piezoelectric block 42. 
As shown in PIG. 9, five electrodes 47a to 47e are disposed 
in the partition wall 4 serving as the driving portions. 

\ In the same manner as in the fifth embodiment , a voltage 
is applied between fthe electrodes to expand or contract 
drivingportions 44a to 44din suchamanner that the partition 
wall serving as the driving portions is flexed to cause 
a ^volumetric change in the ink pressure chamber 3. Here, 
some of the driving portions ;may not be deformed. 

In this way, the plurality of electrodes are disposed 
at the partition wall serving as the drivingportions, thus 
achieving the driving at a low voltage. 

The same effect can be produced also when the present 
embodiment is applied to the electrode at the driving portion 
in the ink- j et recording head in which no electrode is exposed 
to the ink pressure chamber. 



7" 
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(Seventh Embodiment) 

An ink- jet recording head in a seventh embodiment 
.Recording to the present invention is configured in the 
s.ame manner as the first embodiment except that an electrode 
on a partition wall serving as .a driving portion is disposed 
by distances LI and L2 apart from an ink pressure chamber 
and a pressure buffer chamber inside the partition wall 
serving as the driving portion. As shown in FIG. 10, an 
electrode 7a nearer the ink pressure chamber 3 is positioned 
at the distance Ll apart from the ink pressure chamber; 

another electrode 7b nearer the pressure buffer chamber 

'\ 

is positioned at the distance L2 apart from the ink buffer 
chamber. With this arrangement, the electrodes cannot be 
exposed outside the ink pressure chamber or the ink buffer 
chamber but stay inside the ceramics, which can prevent 
any peeling of the electrode or functions as a cover for 
the ink, thereby enhancing the reliability of the ink-jet 
recording head. 

< : 'r In this case , since the distances Ll and L2 are different 
from each other, it is possible to uniquely set the flexing 
direction of the partition wall 4 serving as the driving 
portion, thereby freely stopping the ink ejection. In 
particular, if Ll > L2 , the distance from the ink pressure 
chamber to the electrode becomes long, so that an 
electrochemical reaction is hardly causedby the interaction 
between the electrode and the ink. Consequently, it is 
possible to enhance the reliability of the ink- jet recording 
head without any deterioration of the electrode or the ink. 
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(Eighth Embodiment) j 
| lj An ink-j.et recording head in a. eighth embodiment 
Recording to the present invention is configured in the 
s;ame manner as the first embodiment except that the width 
of an electrode is smaller than those of an- ink pressure 
chamber and a pressure puffer chamber. As. shown in FIG . 
11, the width of each of the electrodes 57a and. 57b is less 
than those of the ink pressure chamber 3 and the pressure 
buffer chamber 5. 

, With this arrangement, a portion which is deformed with 

1 , 

application of a voltage is narrower than the ink pressure 
\ chamber and the pressure buffer chamber; Since a root of 

* a- beam is not largely moved or deformed but fixed when a 

I partition wall 4 serving as a driving portion is flexed, 

1 the deformation of a driving portion 54a is efficiently 

converted into a flexure of the partition wall 4 serving 

JJ as the driving portion, thereby making, a volumetric change 

^ in the ink pressure chamber 3 so as to efficiently eject 

1 the ink at a low voltage, 

i - t\ 

(Ninth Embodiment) 

- ,[ An ink-jet recording head in an ninth embodiment 
according to the present invention is configured in the 
same manner as the first embodiment except that the width 
of one of electrodes facing each other is greater than the 
width of the other electrode. As shown in FIG. 12, the 
electrodes 67a and 67b are disposed at a partition wall 
#"•1 serving as a driving portion. 
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The width of the electrode 67a is greater than those 
o!f the ink pressure chamber 3 and the pressure buffer chamber 
I5j; in the meanwhile , the width of the electrode 67b is smaller 

■ Hi ' ' 

than those of the ink pressure chamber 3 and the pressure 

i \ ' * 

buffer chamber 5. r 

With this arrangement , since there exist portions where 
are fixed without any application of an electric field on 
both sides in a width direction in the case where the partition 
wall 4 serving as the driving portion is flexed as a beam, 
ink can be efficiently ejected at a low voltage for the 
.game reason as that in the eighth embodiment, 

! Furthermore , the electrode 67a Ipng in the width 
direction functions as a strut for the partition wall serving 
as the driving portion , thereby enhancing the strength of 
the partition wall serving as the driving portion and 
ensuring high reliability, 
jij Moreover, since the width of the driving portion 64a, 

to which a voltage is applied, is not changed even if the 
positions of the electrodes 67a and 67b are slightly deviated 
in the width direction within the range where the ink pressure 
chamber and the pressure buffer chamber face with an error 
in view of fabrication, a flexure of the partition wall 
serving as the driving portion becomes constant, thereby 
making a quantity of ink to be ejected from each nozzle 
uniform. 

In the case where a plurality of electrodes are-disposed 
at the partition wall serving as driving portions , the width 
of one of the adjacent electrodes is made smaller while 
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the width of the other electrode is made greater, thereby 
i. , - 
producing the same effect. 

i - With respect to the depth direction on the drawing sheet 
of FIG. 12, i.e., the length direction, one of the pair 
6'f electrodes is made longer while the other electrode is 
made shorter, so that the fabricating error is absorbed 
in the same manner, and therefore, the length of a portion 
to which an electric field is applied is made constant, 
thereby producing the effect of uniform ink ejection. 
(Tenth Embodiment) 

.', An ink- jet recording head in a tenth embodiment 

3 ■ At " - 

3 according to the present invention is configured in the 

"i slame manner as the first embodiment except that the width 

I and thickness of one of electrodes facing each other are 

3 greater than those of the other electrode . ' As shown in FIG . 

13 (a) , the electrodes 77a and 77b are disposed on a partition 
j wald 4 serving as a driving portion . The width and thickness 

■■a ' 

* of the electrode 77a is greater than those of the electrode 

5 77b. 

3 i 

With this arrangement, since the wider and thicker 

. i _ - 

electrode 77a functions as a strut for the partition wall 
4.; serving as the driving portion which is likely to be 
deteriorated due to its thinness and repeated deformation, 
the strength of the partition wall 4 serving as the driving 
portion can be enhanced. Therefore, the strength of the 
ink- jet recording head can be enhanced. 

- The same effect can be produced even if the width and 
length of the electrodes 77a and 77b are in the relationship 
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reverse to that shown in FIG. 13 (a) . As shown in FIG . 13 (b) , 
. in the structure in which three . electrodes 77c, 77d and 
77e are disposed on the partition wall 4 serving as the 
driving portions, the width and- thickness of one of each 
o ; f the pairs of electrodes, i.e.,, the electrodes 77c and 
77 e are made greater than those of the electrode 77d, thereby 
enhancing the strength of the partition wall 4 serving as 
the driving portions . 

Here, in FIG. 13(b) , the same effect can be produced 
even if the relationship between the electrodes 77c and 
77e i and the electrode 77d is reverse to that described above . 
J : The. strength of the partition wall 4 serving as the 

~ driving portion can be increased by thickening a longer 

* one out of the pair of electrodes in a depth direction on 
3 the drawing sheet of FIG. 13, i.e., a length direction. 

(Eleventh Embodiment) 

* An ink- jet recording head in a eleventh embodiment 

jj according to the present invention is configured in the 

] sairie manner as the first embodiment except that the width 

of an inkpressure chamber is different f romthat of apressure 
buffer chamber. As shown in FIG. 14(a) , the width of the 
pressure buffer chamber 5 is greater than that of the ink 
pressure chamber 3. 

With this arrangement, even if the positions of the 
ink pressure chamber 3 and the pressure buffer chamber 5 
are deviated within the width range of the pressure buffer 
chamber 5 due to a fabricating error, the width of a portion 
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•I. . 

flexed as a beam of a partition wall 4 serving as a driving 
portion is not changed. 

!l ; Consequently, a flexure of each of the plurality of 
partition walls serving as the driving portions becomes 
constant all the time , so that a quantify of ink to be ej ected 
fjrom each of nozzles becomes uniform. The same effect can 
b;e produced also in the case where the ink pressure chamber 
3 is longer than the pressure buffer chamber 5, as shown 
in FIG. 14 (b) . - 
(Twelfth Embodiment) 

An ink- jet recording head in a twelfth embodiment 

3 according to the present invention is configured in the 

same manner as the first embodiment except that an opening 

If surface of a pressure buffer chamber is not exposed to an 

t "z - 

|1 opening surface of an ink pressure chamber. As shown in 

i ... 

; |; FIG. 15, the pressure buffer chamber cannot be opened toward 

an ink introducing portion and 1 a nozzle , thereby preventing 

I 1 * any contamination causedby suction of ink or the like ejected 

p from the nozzle. 

In the case where a nozzle plate is welded to the opening 
surface of the inkpressure chamber , it is possible to provide 
the large welded surface between the nozzles and the body 
since there is no opening of the pressure buffer chamber 
on the same plane, thereby securing the welding work with 
ease. Furthermore, it is possible to enhance the ejection 
reliability without any suction of the ink leaked from the 
nozzle by the pressure buffer chamber. 
(Thirteenth Embodiment) 
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An ink- jet recording head in a thirteenth embodiment 
Recording to the present invention is configured by 
arranging m> i.e. , two of the ink- jet recording heads, 
fabricated in the first embodiment in a width direction. 
FIGS. 16(a) and 16(b) are views showing the obtained ink- jet 
recording head, as viewed from a nozzle. FIG. 16 (b) is an 
enlarged view showing essential parts of FIG. 16 (a) . Here , 
the thickness direction shown in FIG. 16 is assumed to be 
the same as a direction in which the ink- jet recording head 
in an ink-jet printer is moved. The ri-th nozzle from the 
left in an upper array in the ink- jet recording head shown 
0 in FIG. 16 is defined as the nozzle 8n, and a nozzle nearest 

tj the nozzle 8n out of the nozzles in a lower array in the 

V Z thickness direction is defined as the nozzle 8s. 

p3 The interval between the nozzles in both of the upper 

ji and lower arrays is a constant value P. A deviation (X) 

hi in the nozzle aligning direction between the n-th nozzle 

\'% 8b! from the left in the upper array and the s-th nozzle 

^ from the left in the second array becomes, for example, 

X = 1/3-P. The distance. between the upper nozzle array and 
the lower nozzle array becomes, -for example, 6X. 

With this arrangement, it impossible to efficiently 
align the nozzles, so as to provide the ink- jet recording 
head excellent in resolution. Furthermore, it is possible 
to make constant the moving sitep or speed of an object to 
hie printed (for example, a sheet of paper) in the ink- jet 
printer, to simplify the scanning mechanism for the ink-jet 
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printer so as to enhance the reliability of the ink- jet 
printer, and to reduce the cost. 

[ The same effect can be produced in the ink- j et recording 
heads in which the piezoelectric blocks 12 fabricated in 
the second embodiment are arranged and the piezoelectric 
blocks 2 and 12 fabricated in the third embodiment are 
arranged in combination. 

Although in the present embodiments the width direction 
p-f the piezoelectric block and t the nozzle aligning direction 
are the same as each other, the same effects such as the 
image formation of high quality, the reliability and the 
■fe3 low cost can be produced even if the directions are different 

iy from each other. In the case where the nozzle alignment 

S and the arrangement of the piezoelectric blocks are deviated 

f: from each other with an appropriate angle, the nozzle pitch 

* and the arrangement pitch of the pressure chambers can be 

c z , 

S'ys absorbed so as to enhance the fabricating yield of the ink-j et 

m ':!,;, 

jhl recording head. 
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